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Extended abstract

Introduction

Under water stress conditions, intercropping can be used as a strategy for maximum use of sunlight and
limited water resources. Due to the difference in morphological and physiological traits, the two plants
corn and mung bean may be suitable for intercropping under drought stress; Therefore, this research
was conducted with the aim of investigating the effects of drought stress on the physiological traits and
yield of corn and mung beans in monocultures and intercropping in order to study the possibility of
reducing water consumption in this production system.

Materials and methods

An experiment was carried out as a split plot based on randomized complete block design with three
replications at Ilam University during 2019-2020 growing season. The main plot were four water
regimes including (40, 60, 80, and 100% of the plant's water requirement) and the subplots were include
the planting pattern at four levels (additive intercropping series 100% corn + 50% mung bean,
replacement intercropping series 50% corn + 50% mung bean and monocultures of mung bean and
corn). The application of drought stress started after the establishment stage of the plant and continued
until the harvest. At the end of the growth period, some physiological traits of both plants were
measured, including photosynthetic pigments, photosynthesis rate, transpiration rate, intercellular CO.
concentration, proline amount, leaf relative water content and grain yield. Finally, analysis of variance
(ANOVA) was performed using Minitab 14 and SAS 9.1 softwares and the means compared by HSD test
at 5% probability level (p<0.05).

Results and discussion

The results showed the highest rate of photosynthesis (25.4 pmol CO..m=2.s) was obtained in the
treatment of 100% water requirement and the lowest rate of photosynthesis was obtained in 40% water
requirement, which showed a decrease of 68.5% compared to the well-watered conditions. The rate of
photosynthesis of corn in the replacement intercropping of 50% corn + 50% mung bean was 18.3%
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higher compared to monocultures corn. The highest rate of mung bean photosynthesis was observed in
replacement intercropping under conditions of 100% water requirement and additive intercropping
series under 80% water requirement, and the lowest rate of mung bean photosynthesis was observed in
intercropping under conditions of 60 and 40% water requirement. Dehydration stress decreased the
amount of total chlorophyll in mung beans and corn. The highest intercellular CO2 concentration (475.5
mmol of CO..m2.s1) and the temperature of the corn leaf (36.7 °C) belonged to the 40% water
requirement treatment. The rate of transpiration of corn and mung bean decreased by 55.56 and 61.43%
in the condition of 40% water requirement compared to well-watered conditions. Water stress reduced
the relative water content of corn and mung bean. The highest proline in corn and mung leaves (46.3
and 45.23 umol.gt.FW, respectively) was obtained in the treatment of 40% water requirement, which
had no significant difference with 60% water requirement. Corn grain yield in the treatment of 40%
water requirement showed a decrease of 52.76% compared to 100% water requirement. Monocultures
(3945.8 kg.ha) and intercropping (3875.1 kg.ha?) had the highest corn grain yield, and the lowest corn
grain yield in replacement intercropping was 2700 kg ha-t. At all irrigation levels, the highest grain yield
of mung bean was obtained in monocultures, and the yield decreased in additive and replacement
intercropping, and additive intercropping had the lowest grain yield. The values of land equality ratio of
all intercropping patterns were greater than one, which indicates the advantage of corn and mung bean
intercropping patterns to use land and increase yield.

Conclusion

Considering the occurrence of recent droughts in arid and semi-arid regions of the country and the need
for forage in these regions, the cultivation of forage plants, especially corn, is inevitable. Therefore, one
of the appropriate strategies to protection in management and water consumption is the intercropping
of this plant with plants of the legume such as mung bean. Intercropping can partially moderate the
effects of drought stress on plant water conditions. In general, it seems that the patterns of intercropping
and substitution, due to having higher grain yield potential, is a suitable strategy for producing higher
yield and stability of this plant compared to monocultural under well-watered and stress water.
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growth period of corn and mung bean in the crop year 2019-2020
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Table 1. Physical and chemical characteristics of experimental field soil (soil depth 0-30 cm)
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Table 2. Variance analysis (mean squares) of the effects of irrigation and planting pattern on the rate of photosynthesis
and the content of photosynthetic pigments in corn and mung bean
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Fig. 2. Total chlorophyll concentration (a) and photosynthetic rate (b) of corn in different planting patterns ( C=Corn

and M= Mungbean)
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Fig. 3. Effect of irrigation on mung bean photosynthesis rate in different planting patterns
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Table 4. The effect of irrigation on physiological traits of corn leaves

Skl IS Jedg s Boadei 5 wgid G Ajgy p) otyS deSlgo clilé Sy sled
Irrigation  Total chlorophyl |  Carotenoids Pn Ci Leaf temperature
R e — T R L A — umol CO,.m2s? mmol.m2s? °C
requirement
40 1.0° 0.27% 8.0¢ 475.52 36.72
60 1.2 0.312 11.2¢ 423.6 35.2°
80 158 0.21P¢ 23.1° 373.3¢ 33.8°
100 1.62 0.15° 25.42 347.9¢ 32.1¢

Dl (gl e M oo gy el s 50 (S5 9e3] bl cygim 50 S i By g1yl slauSiles
Means with common letters in each column not significant differences based on HSD test at the 5 percent probability level
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Cho pl Gl yeS 5 098 o Jxe u_ﬂ v opl o &l aoy Ve bl h Co g bl o e gls
s A Gloyles 5 ile bele 5 alls cotS glagSll o clale L 5l le byl cotS Gl slasSl
O Jgoz) sl caws 4 «591 BRIRVERRIR g cdle alls S Cllad 0z g Slo gme Dglas g, IS
20,5 S b IS Jlo e alS el olpS ps RSO N I VSRS S P IS CIES S [ SO C RPN |
5 dsbe oo il oy pmels cde 4 eS8 (b (0 e wisls elaisl o 4]y ile B8)lS e
olyor yol pal g Wb g0 (ialS 89 S i (uals rals Sglae Judg IS L ile yo aasen IS cdale &l s oy,
el (ouiolny) gilannST 235 5 o80) o peS, w5 b oS e +/10) laadsms I Clale (a8 oS s o
Srde Ol @ g SloopSS, (i 0350 50 (3Rl belie S oSl (S 5 s eSS 2
(Lawlor and Cornic, 2012) ol zals sl b as cil plais! o1 5l asye Vee Lylys
Sile olS o eSS0 de IS e als el b oo A g Vee Ll s gl 5 alls caiS
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Table 5. The effect of irrigation on the amount of photosynthetic pigments and physiology in mung bean leaves in

different patterns of intercropping with corn

- Sl Sl Sl s
3 s 59! Total Luasigd )5 Leaf 839y @il
Irrigation Planting pattern chlorophyll  Carotenoids  temperature Ci
% water requirement e mg.g L. FW-emeeo °C mmol.m?2s!
Gl g5e 0.25% 36.53° 495.7%
100% mung beans
40 GHotbe vl gpe 0.3° 37.15° 513.9°
100% corn + 50% mung beans
Hlolbe w3 18 g ogne 0.25% 37.122 486.1%¢
50% corn + 50% mung beans
GHetl g gyee 0.28° 35.1% 452.2°
100% mung beans
o L +ey3 T Nee ¢ a ab .
60 0.92 0.34 35.77 456.9
100% corn + 50% mung beans
Hlolde w3 18 q g 0.26% 35.37% 467.3%
50% corn + 50% mung beans
el gqa 0.210¢ 33.43 397.9¢
100% mung beans
ole 1B +)3 VNes ab be be d
80 1.39 0.2 33.47 390.6
100% corn + 50% mung beans
ol w3 1e g g 0.20¢ 32.99% 395.7¢
50% corn + 50% mung beans
el goa 0.16° 32.17¢ 378.3¢
100% mung beans
ole 1B+ )3 VNes a c ¢ d
100 1.57 0.16 31.40 383.5
100% corn + 50% mung beans
ol a3 18 e 0.15¢ 31.95¢ 371.7¢

50% corn + 50% mung beans

5,105 (gl e B oo gy Jleiml s 40 (S'o5 a0l bl o cygin 8 50 5 Tiie Gy sl gl Sile
Means with common letters in each column not significant differences based on HSD test at the 5 percent probability level.
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Table 6. Variance analysis (mean squares) of the effects of irrigation and planting pattern on Leaf relative water content,

proline content and grain yield in corn and mung bean

a0 Corn w,d Mung bean il
Ol oty 29l _— —
S.0.V @l Sy o cagb; oo 4ils & ,Sdos Sy omwd Cusby ooy 4ils 5 ,Slos
df RWC Proline Grain yield RWC Proline  Grain yield
s 2 31.88™ 14.65™ 659968" 21.42" 7.30™ 969"
Block
Ll - - - * - -
bl 3 364.18 479.27 9609068 86.72 344.26 1246713
Irrigation (I)
Atk 6 31.23 14.35 250531 59.33 31.28 12266
Error (a)
cudls 5ol o wox * x
2 129.55 4.56"™ 5875422 70.04 31.90™ 1295009
Planting pattern (P)
.. e 172 1619  128267" 4230 1232 55891
X
b stes 16 16.46 28.29 182560 24.69 16.48 4790
Error (b)
CV (%) Olpods copé - 5.13 13.58 12.18 5.80 10.78 7.61

... . . ) R
S ge e 17 e ,0 SO g i Jisl s o Jls s cuS g4

* K

*and ™*: Significant at the 5 and 1% level, respectively; ": non-significant

o 9 33 3 (oamd gy ylado 3 rdg (B8 et 1 3l LY Jux
Table 7. The effect of irrigation on the rate of transpiration, proline and relative humidity of maize

and mung leaves

bl BN e RIS S i Cugby e
- Transpiration Proline RWC
(& b e yd) mmol H,0.m2s? pmol.gt.FW? %
Irrigation &3 Sl @’ Sl @,)d ol
o B
(% water requirement) Corn Mungbean Corn Mungbean Corn Mung bean
40 1.764 2.21d 46.3? 45,232 71.8° 72.59°
60 2.09¢ 3.26¢ 4452  39.84% 76.4° 76.01°
80 3.51° 5.19b 31.6°  34.37%c 80.52 84.682
100 3.962 5.73a 34.3b 31.19° 82.92 86.962

Wl (gl pme BB oy gy Jleis ] e jo  Se8 9951 ool gt 2 40 S i By, lyls sla Sl
Means with common letters in each column not significant differences based on HSD test at the 5 percent

probability level
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Fig. 4. The relative water content of corn (a) and mung bean (b) in planting patterns ( C=Corn and M= Mungbean)
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Table 8. Ratio of land equality in intercropping of corn and mung bean under different irrigation conditions

ol Solp s (S Gl o
Irrigation s gl wyd (S ol J5 e sl G
(% water requirement) Planting pattern LER corn LER mung bean LER total
Glolde e g 0.45 1.26
40 100% corn + 50% mung beans
olo 10+, 1.0
Flelbrrendtd g gg 0.64 12
50% corn + 50% mung beans
ol LBy 45y Ve
0.99 0.5 1.49
60 100% corn + 50% mung beans
o 1.0+ +yd 1.0
Flelbrrendibe g 67 0.64 1.31
50% corn + 50% mung beans
GHlolde a3l g gy 0.52 1.56
80 100% corn + 50% mung beans
Slo /0 +yd 1O
Pl sy 0.75 0.6 1.35
50% corn + 50% mung beans
lo /.0 +CyS /Yen
ol a3 1) 1.01 0.51 1.52
100 100% corn + 50% mung beans
i % 0.59 1.29
50% corn + 50% mung beans
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